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Abstract

This report reviews the basis for determining values for
the density of wood as it depends on moisture content
and specific gravity. The data are presented in several
ways to meet the needs of a variety of users.
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Errata

Page 1, column 2, Equation (2)
D = (Wg/Vg) (1 + M/100) @
The term Wy/V, is related to basic specific gravity Gy
by
Pages 9-12, Tables 5-8. Note on tables should read

Exceeds maximum possible moisture content

Page 13, Appendix, Equation (la)

Gp= (Wd/Vg)pw (la)

where W is oven-dry weight of wood, Vg, is volume of
greenwood, and p,, is density of water.

Page 13, Appendix, Equation (4a)
§=(Vg—VMm)IVy

T vm=vea-9) (%)



Specific Gravity, Moisture Content,
and Density Relationship for Wood

William T. Simpson, Research Forest Products Technologist

Forest Products Laboratory, Madison, Wisconsin

Introduction

Knowledge about the density of wood is useful for
estimating shipping weights. The density of wood
depends on specific gravity and moisture content. A
common way to present density data is in tabular and
graphical form, where density in pounds per cubic foot
or kilograms per cubic meter is shown for a series of
specific gravity and moisture content values. This kind
of system is shown in the Wood Handbook (FPL 1987).
However, the system has several shortcomings.

One shortcoming is that density values in the Wood
Handbook are shown for moisture contents above the
maximum possible for those specific gravity values
(Tables 1 and 2). Another shortcoming is that this
system requires two steps: first, a graphical conversion
of specific gravity from one volume base to another,
and then a reading from a table. Furthermore, no
equations are offered for direct calculation of density
as a function of moisture content and specific gravity,
which precludes easy use of the system in computer
programs or spreadsheet calculations. Finally, the
system is subject to misinterpretation and thus can
yield erroneous density values if the user is not aware
of the various definitions of specific gravity as it applies
to wood.

This report discusses these shortcomings and develops
equations, graphs, and tables for determining density
as a function of moisture content and several common
definitions of specific gravity.

System for Determining
Wood Density

The common definition of wood moisture content on a
dry basis can be written as

VVg = Wd(l + M/IOO) (1)

where W, is the green weight of wood (pounds or
kilograms) at moisture content M (percent), and Wy
is the oven-dry weight of wood.

Dividing both sides of Equation (1) by the volume of
wood at moisture content M(V,), the density D is

D = (Wa/ag)(1 + M/100) @

The term Wy V, is related to basic specific gravity G,
by

Wa/Vg = pwGh A3)

where p,, is the density of water (62.4 Ib/ft* or

1,000 kg/m® based on volume when above 30 percent
moisture content. Substituting Equation (3) into
Equation (2) results in the following equation for
calculating density:

DIPWGb(1+M/100) (4)

A possible misapplication of Equation (4) is to use it
at <30 percent moisture content with no correction
in specific gravity for volumetric shrinkage. It is also
possible to overlook or misunderstand the definition of
specific gravity in the Wood Handbook, which could
cause a user to read incorrect density values from
the tables. Specific gravity is defined on the basis of
volume at the tabulated moisture content- not on
the more common basis of green volume, as is used
to define basic specific gravity. Misunderstandings
can cause errors 115 percent, as will be illustrated in
another section of this report.

The Wood Handbook describes a graphical way to
convert basic specific gravity to specific gravity based
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Figure 1—Relation of specific gravity to
moisture content. Follow line for specific gravity
(volume when green) to desired moisture
content, then read specific gravity (volume at
current moisture content) from vertical axis.
Source: Wood Handbook, Figures 3 and 4
(FPL 1987).

on volume at any of the tabulated moisture contents
(Fig. 1). Density values can then be read from the
tables after the conversion. Although this system of
determining density values is valid, it requires two steps
and the use of both a graph and a table. The same
density information can be presented in one table or
one graph.

The maximum moisture content of wood is reached
when the cell walls and cell lumens are completely
filled with water. When specific gravity is high, lumen
volume is low and maximum moisture content is

2

:
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M= (100/G,) (1 - Gi/1.54)

2 8
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Maximum moisture content (%)
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Figure 2—Theoretical maximum possible
moisture content of wood (M, 5 x) as a function
of basic specific gravity (Gy).

therefore restricted. This relationship can be estimated
by

Miax = (100/Gp)(1 — Gb/Gw) (5)

where My, ,x IS maximum moisture content and G,,
is the specific gravity of wood substance, equal to
approximately 1.54 (Skaar 1988). Equation (5) is
shown in Figure 2.

Therefore, some density values at high specific gravity
and moisture content values in Table 1 are not possible
because the tabulated moisture content exceeds the
maximum possible moisture content. These conditions
will be discussed later in this report.

Density Tables

Basic Specific Gravity

Equation (4) can be used to change the basis of
tabulated density values below 30 percent moisture
content from specific gravity baaed on volume at
tabulated moisture content to basic specific gravity if
volume is corrected for shrinkage. Assuming a linear
relationship between shrinkage and moisture content
from 30 to 0 percent (Stamm 1964), the volumetric
shrinkage S at any moisture content is

S= a.S't (6)

where a is (30 - M)/30 and S; is total volumetric
shrinkage from 30 to O percent moisture content.



Introducing Equation (6) into Equation (4) to account
for shrinkage

(1 + M/100)

D=pwGr—7_¢ @)

Volumetric shrinkage data are necessary for using
Equation (7). Each species has its own S, value, and
ideally there would be a density table for each species.
However, this would be somewhat cumbersome and
may not be necessary, given the inherent variability of
wood and the known relationship between volumetric
shrinkage and basic specific gravity. Stamm (1964)
summarized the background on this relationship. The
result is that volumetric shrinkage of both hardwoods
and softwoods can be reasonably approximated by

S = 0.265Gy, 8)

Therefore, even if a density table is not constructed
for each species, Equation (8) accounts for the major
source of variation in shrinkage between species.

Combining Equations (6) to (8) results in

_ Gp(1+ M/100)
D= T"02654C ©)

The results of Equation (9) are listed in Table 3 and
shown in Figure 3. Table 3 also shows maximum
moisture content and density values. (The data in
Table 3 are expressed in Sl units in Table 4.)

The following example illustrates how using the
incorrect specific gravity results in an incorrect density
value. Suppose the user wants to know the density

of wood when specific gravity is 0.56 and moisture
content is 8 percent. If the volume basis for this given
specific gravity is not clear, or if the user is not aware
of the importance of the volume basis, the user might
go directly to the tabular data (Table 1) and read a
density of 37.7 Ib/ft® (605 kg/m®). If the given specific
gravity of 0.56 is the basic specific gravity, the correct
density is 42.3 Ib/ft® (679 kg/m®) (Table 3) and the
incorrect value is in error by 11 percent. Although
this may seem an unlikely error for specialists in wood
technology, it does not seem unlikely for someone

who does not realize the necessity of knowing the
exact definition of specific gravity for specific tables or
handbooks. These definitions, if present, are often cited
in footnotes that can be overlooked or ignored.
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Figure 3—Density of wood as a function of
moisture content and basic specific gravity (G, );
(a) English units, (b) Sl units.

Other Specific Gravity Values

Some references list specific gravity values on a basis
other than green volume; in those cases, Table 3 is of
no use in determining density values. Oven-dry volume
(Hildebrand 1970) and volume at 12 percent moisture
content (Chichignoud and others 1990) are common
alternative bases. Equation (9) can be generalized

for specific gravity baaed on volume at any moisture
content if we develop the relationship between basic
specific gravity and specific gravity based on the other
volumes (Appendix). The result of this relationship is

Gum

Go=17 0.265aG s

(10)

where Gy, is specific gravity based on volume at
moisture content M. Equation (10) is substituted
into Equation (9) for moisture contents <30 percent
and into Equations (3) and (4) for moisture contents
>30 percent.

Table 5 is a density table for specific gravity based on
volume at 12 percent moisture content (Gy =G, ,)



(see Table 6 for SI units). Table 7 shows specific
gravity values based on oven-dry volume (G, = Go)
(see Table 8 for Sl values).

Concluding Remarks

The validity and efficiency of a method for determining
the density of wood at various combinations of

specific gravity and moisture content depend on an
understanding of the definition of specific gravity.
Because specific gravity depends on wood volume,
shrinkage must be accounted for when determining
specific gravity below the fiber saturation point. The
equations and tables described in this report can be
used to determine density at any moisture content and
specific gravity.
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Table 1—Wood Handbook data for determining wood density?

Density (Ib/ft3) at various levels of specific gravity®
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Table 3—Results of Equation (9) for determining wood density

Density (b/t3) at various levels of specific gravity (ovendry weight/green volume)a
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8For M < 30 percent, D = 62.4Gp(1 + M/100)/(1 - 0.285aGH), where a = (30 - M)/30; for M > 30 percent, D = 62.4Gp(1 + M/100).
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~ Table 5—Wood density based on volume at 12 percent moisture content

Density (Ib/ft3) at various levels of specific gravity 3
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284 263
MaxD 687 69.1

Max M

= (30 - M)/30 and Gb;- G12(1 - 0.265aG12/(1 + 0.265aG12));

8For M <30 percent, D = 62.4Gp(1 + M/100)/(1 - 0.265aGp,), where a

for M > 30 percent, D = 62.4Gp(1 + M/100).
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Density (lbrft3) at various levels of specific gravity
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Tabie 7—Wood density based on ovendry volume
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3For M <30 percent, D = 62.4Gp(1 + M/100)/(1 - 0.285aGp), where a = (30 - My30 and Gp = Go(1 +0.265aG); for M > 30 percent, D = 62.4Gp(1 + M/100).

MaxD 685 688 69.2 69.6

MaxM 295
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Appendix. Relationship of
Specific Gravity Values

In this appendix, we describe the general relationship
between basic specific gravity and specific gravity
values baaed on volume at other moisture content
levels.

Basic specific gravity is defined as

Gv = (Wa/Va)/pw (1a)

where W, is oven-dry weight of wood, V is volume of
dry wood, and pw,, is density of water.

Specific gravity baaed on volume at any other moisture
content M is defined as

Gm = (Wa/Var)/pw (2a)
Equating Equations (1a) and (2a) through Wy

Gu = GoVg/Vu (3a)

where V, is volume of green wood.

Volumetric shrinkage S from >30 percent to <30 per-
cent moisture content is

S=Vg—Vu)/Vu
or
Vi = Vg(1-5) (4a)
Substituting Equation (4a) into Equation (3a)

Gpo =Gu(1-S) (5a)

Assuming the linear shrinkage of Equation (6) in the
text (S = aSy)

Go = Gu(1—aSt) (6a)

where a is (30 - M)/30.

The next step is to express S; in Equation (6a)
in terms of Gy,. Substituting Equation (6a) into
Equation (8) (S; = 0.265 G, ) in the text

St = 0.265Gpm(1 — aS;) (7a)
Solving for S;
_ 0.265G
St = 150.2650Cn (8a)

and substituting Equation (8a) into Equation (6a)

Gum

Go = 1370.2650C s

(9a)

which can be substituted into Equation (9) in the
text to calculate density based on the volume at any
moisture content. Equation (9a) can also be used to
calculate the graphical relationship between moisture
content, basic specific gravity, and specific gravity
based on volume at any moisture content, as shown in
Figure 1 of the text.

The value of M in the term a ((30 - M)/30) in
Equation (9a) is the moisture content for the volume
base of the specific gravity. The value of M in the
term a in Equation (9) in the text is the moisture
content at which the density is calculated (that is, 0
to 200 percent in Tables 5 and 7). If this latter value
of M is taken as the moisture content of the specific
gravity volume base, the resulting density values will
be baaed on the specific gravity at the volume of the
tabulated moisture content, that is, the same as that
in the tables in the Wood Handbook. Note also in
Equation (9a) that when M = 30, a =0, and Gy =
Gy, text Equation (9) reverts to text Equations (3)
and (4).
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